AL/OE-TR-1 996-0078 


UNITED  STATES  AIR  FORCE 
ARMSTRONQ  LABORATORY 


USES  OF  EPR/SPIN  LABELING 
AS  A  BIOMARKER 


L.  Steet-Goodwin 
K.  W.  Dean 

OCCUPATIONAL  AND  ENVIRONMENTAL 
HEALTH  DIRECTORATE  TOXICOLOGY  DIVISION 
ARMSTRONG  LABORATORY 
WRIGHT-PATTERSON  AFB,  OH  45433-7400 


C.  Flemming 

MANTECH  ENVIRONMENTAL  TECHNOLOGY,  INC. 
DAYTON.  OH  45437 


F.  C.  Music 

NATIONAL  NAVAL  MEDICAL  CENTER 
BETHESDA,  MD  20991 


A.  J.  Carmichael 

ARMED  FORCES  RADIOBIOLOGY  RESEARCH  INSTITUTE 
BETHESDA,  MD  20991 


May  1996 


Occupational  and  Environmental  Health 
Directorate 
Toxicology  Division 
2856  G  Street 

Wright-Patterson  AFB  OH  45433-7400 


19990316  057 


Approved  for  public  release;  distribution  is  unlimited. 


NOTICES 


When  US  Government  drawings,  specifications  or  other  data  are  used  for  any  purpose  other  than 
a  definitely  related  Government  procurement  operation,  the  Government  thereby  incurs  no 
responsibility  nor  any  obligation  whatsoever,  and  the  fact  that  the  Government  may  have 
formulated,  furnished,  or  in  any  way  supplied  the  said  drawings,  specifications,  or  other  data  is 
not  to  be  regarded  by  implication  or  otherwise,  as  in  any  maimer  licensing  the  holder  or  any  other 
person  or  corporation,  or  conveying  any  rights  or  permission  to  manufacture,  use,  or  sell  any 
patented  invention  that  may  in  any  way  be  related  thereto. 

Please  do  not  request  copies  of  this  report  from  the  Armstrong  Laboratory.  Additional  copies 
may  be  purchased  from: 


National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  Virginia  22161 

Federal  Government  agencies  and  their  contractors  registered  with  the  Defense  Technical 
Information  Center  should  direct  requests  for  copies  of  this  report  to: 

Defense  Technical  Information  Service 
8725  John  J.  Kingman  Rd.,  Ste  0944 
Ft.  Belvoir,  Virginia  22060-6218 

DISCLAIMER 

This  Technical  Report  is  published  as  received  and  has  not 
been  edited  by  the  Technical  Editing  Staff  of  the  Air  Force  Armstrong  Laboratory. 

TECHNICAL  REVIEW  AND  APPROVAL 

AL/OE-TR-1996-0078 

The  volimtary,  informed  consent  of  the  subjects  used  in  this  research  was  obtained  as  required  by 
Air  Force  Instruction  40-402. 

This  report  has  been  reviewed  by  the  Office  of  Public  Affairs  (PA)  and  is  releasable  to  the 
National  Technical  Information  Service  (NTIS).  At  NTIS,  it  will  be  available  to  the  general 
public,  including  foreign  nations. 

This  technical  report  has  been  reviewed  and  is  approved  for  publication. 


FOR  THE  DIRECTOR 


STEPHEN  R.  CHANNEL,  Maj,  USAF,  BSC 
Branch  Chief,  Operational  Toxicology  Branch 
Air  Force  Armstrong  Laboratory 


REPORT  DOCUMENTATION  PAGE 


form  Approved 
0MB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  infomiation  is  estimeted  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  m^taining  the  data  needed,  and  completing  and  reviewing 
the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  coDection  of  information,  including  suggestions  for  reducing  this  burden,  to  Wadiington  Headquarters  Services,  Directorate  for  Information 
Operations  and  Reports.  1215  Jefferson  Davis  Highway,  Suite  1204,  ArGngton,  VA  22202’430l  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503. 


1.  kditm  \}SEOUV(fleavet/ankI 


2.  REPORT  DATE 


3.  REPORT  TYPE  AND  DATES  COVERED 


May  1996 


4.  TITLE  AMD  SUBTITLE 


Uses  of  EPR/Spin  Labeling  as  a  Biomarker 


Interim  Report  -  October  1993-April  1996 


5.  FUNDING  NUMBERS 
Contract 
PE  61102F 

_ PR  2300 

6.  AUTHOR(S)  ^  ^  I  ta  23000T 

L.  Steel-Goodwin,  K.W.  Dean,  C.  Flemming,  F.C.  Music,  and  A.J.  Carmichael  23000T51 


7.  PERFORMING  ORGANIZATION  NAME(S|  AND  ADDRESS(ES) 

Armstrong  Laboratory,  Occupational  and  Environmental  Health  Directorate 
Toxicology  Division,  Human  Systems  Center 
Air  Force  Materiel  Command 
Wright-Patterson  AFB,  OH  45433-7400 


9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESSIES) 

Armstrong  Laboratory,  Occupational  and  Environmental  Health  Directorate 
Toxicology  Division,  Human  Systems  Center 
Air  Force  Materiel  Command 
Wright-Patterson  AFB,  OH  45433-7400 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


10.  SPONSORINGIMONITORIMG 
AGENCY  REPORT  NUMBER 

AL/OE-TR-1996-0078 


12a.  DISTRIBUTION  AVAILABILITY  STATEMENT 


Approved  for  public  release;  distribution  is  unlimited. 


.13.  ABSTRACT  (Maximum  200  words! 

Recently  protein  receptor  changes  has  attracted  interest  for  use  as  biomarkers  in  environmental  toxicology.  Insulin  and 
transferrin  which  control  cell  growth  were  chosen  in  this  study.  There  were  two  aims:  first,  to  measure  insulin  and 
transferrin  receptor  binding  using  spin-labeled  insulin  and  second;  basic  research  on  changes  in  receptor  binding  of  human 
erythrocytes  after  eiqiosure  to  radiation  and  chemicals  likely  to  be  encountered  by  military  personnel  in  operational  or 
combat  scenarios.  Insulin  and  transferrin  were  spin-labeled  and  incubated  with  red  blood  cells  exposed  to  y-radiation  or 
chemicals  (ammonium  dinitramide  or  mustard  gas),  the  cells  were  centrifuged  and  receptor  binding  measured  from  the  EPR 
spectra  using  a  Bruker  ESP300E  and  EMS104  spectrometer.  Transferrin  and  insulin  receptor  binding  was  decreased  with 
ammonium  dinitramide.  Transferrin  receptors  are  only  present  in  immature  erythrocytes.  Insulin  receptor  binding  was 
decreased  by  y-irradiation  and  increased  by  mustard  gas.  Irradiated  mustard  gas  did  not  increase  insulin  receptor  binding  in 
red  blood  cells.  As  most  cells  contain  insulin  receptors,  insulin  receptor  binding  is  likely  to  be  useful  for  risk  assessment 
efforts  and  the  spin  label  technique  could  be  developed  as  a  clinical  tool  not  just  for  insulin  but  for  other  compounds  with 
specific  protein  receptors  on  cell  membranes. 


14.  SUBJECT  TERMS 
EPR/spin  labeling 
transferrin  receptors 
insulin  receptor 


17.  SECURITY  CLASSIFICATION 
OF  REPORT 

UNCLASSIFIED 


Human  Red  blood  cells 

ammonium  dinitramide  and  mustard  gas 

biomarker _ 


1 8.  SECURITY  CLASSIFICATION  1 9.  SECURITY  CLASSIFICATION 

OF  THIS  PAGE  OF  ABSTRACT 


UNCLASSIFIED 


UNCLASSIFIED 


|15.  NUMBER  OF  PAGES 

30 


16.  PRICE  CODE 


20.  LIMITATION  OF 
ABSTRACT 


Standard  Form  298  (Rev.  2-89)  (EG) 

Prescribed  by  AlJSt  Std.  239.18 

Designed  using  Perform  Pro,  WKS/DIOR,  Oct  94 


PREFACE 


This  is  one  of  a  series  of  technical  reports  generated  from  the  experimoital 
laboratory  programs  conducted  in  the  Electron  Paramagnetic  Resonance  (EPR)  laboratory 

t 

of  the  Armed  Forces  Radiobiology  Researdi  Listhute  with  collaborarion  with  the  EPR 
laboratory  at  Occupational  and  Environmental  Toncology  Division,  Armstrong 
Laboratory.  The  collaborative  research  described  in  this  report  began  in  October  1993 
and  was  completed  in  April  1996.  This  work  has  been  presented  at  the  Society  of  Armed 
Forces  Medical  Laboratory  Sdences  Conference,  Washington  DC  in  March  1996  and  at 
the  Conference  on  Advances  in  Toxicology  and  Applications  to  Risk  Assessment.  This 
research  has  been  sponsored  by  the  Armed  Forces  Research  Institute  work  unit  04630 
since  1991  and  partially  by  the  Air  Force  Office  of  Sdentific  Research,  Independent 
Laboratory  Investigator  Research,  23000T51  since  1995.  Inquires  on  detdls  in  spin 
labeled  protein  methodology  and  mustard  gas  data  should  be  directed  to  AFRRI.  Lt  Col 
Terry  A.  Childress  served  as  Contract  Technical  Monitor  for  the  U.S.  Air  Force, 
Armstrong  Laboratory,  Toxicology  Division. 


Ill 


TABLE  OF  CONTENTS 


SECTION  page 

PREFACE . iii 

TABLE  OF  CONTENTS . iv 

LIST  OF  FIGURES . v 

ABBREVIATIONS . vi 

1  INTRODUCTION . 1 

2  MATERIALS  AND  METHODS . 4 

Chemicals . 4 

EPR/Spin  trapping . 4 

EPR/Spin  labeling . 4 

3  RESULTS  &  DISCUSSION . 6 

4  REFERENCES . 15 

5  APPENDIX  A . 17 


IV 


LIST  OF  FIGURES 


FIGURE  PAGE 

1  EPR  spectra  of  (A)  Irradiated  ammonium  dinitramide  (B)  Irradiated 

hydrogen  mustard  (C)  Irradiated  half  mustard  dissolved  in  MNP . 6 

2  (A)  Cartoon  of  the  transferrin  receptor  in  a  typical  membrane.  (B)  Table  of 
regression  analysis  of  five  kinds  of  doxyl  stearic  acid  and  spin  labeled 
transferrin  in  nucleated  red  blood  cells  with  and  without 

exposure  to  ammonium  dinitramide . j . 7 

3  EPR  signal  intensity  versus  spin  labeled  insulin  per  cell  in  □  control 
red  blood  cells,  •  ammonium  dinitramide  treated  red  blood  cells 

and  A  y-irradiated  red  blood  cells . 9 

4  EPR  signal  intensity  versus  spin  labeled  insulin  per  cell  in  □  control 
red  blood  cells,  •  half-mustard  treated  red  blood  cells  and 

A  y-irradiated  red  blood  cells . 11 

5  EPR  signal  intensity  versus  spin  labeled  insulin  per  cell  in  □  control 
red  blood  cells,  •  half-mustard  treated  red  blood  cells,  °  y-irradiated 
red  blood  cells  treated  with  half  mustard,  A  y-irradiated  red  blood 

cells  and  red  blood  cells  exposed  to  A  y-irradiated  half-mustard . . . 12 


V 


ABBREVIATIONS 


ADN 

Ammonium  dinhramide 

EPR 

dectron  paramagnetic  resonance 

G 

Gray 

H-MG 

Half  mustard  gas 

rbc 

red  blood  cells 

nm 

nanometers 

m 

mini 

min 

minute 

M 

mole 

MNP 

2-metfayl-2-nitroso-propane 

P 

probabHity 

r 

corrdation  coefficient 

VI 


SECTION  1 


INTRODUCTION 

Cell  membranes  can  be  categorized  into  diffa-ent  types  according  to  their  fimction  and 
method  of  permeability.  For  example,  liver  cells  have  type  I  membranes.  The  typical  type 
I  membrane  is  about  5  nm  thick  and  consists  mainly  of  lipoid  material  mixed  with  some 
proton  (Albert,  1985).  Initial  studies  for  this  project  were  performed  using  liver  cells 
(Carmichael  et  al.,  1995  and  Steel-Goodwin  &  Dean.,  1995).  Liver  cells  were  excellent 
for  our  initial  studies  because  as  Type  I  membranes  they  represent  the  commonest  type  of 
membrane  foimd  m  living  organisms.  However,  liver  cell  receptor  isolation  is  impractical 
for  occupational  and  environmental  risks  in  field  studies.  Based  on  our  initial 

experiments,  we  assumed  for  this  study  that  spin  labels  would  be  potential  biomarkers  of 
cell  membrane  damage. 

The  goal  of  this  study  was  to  express  posdble  tranritions  of  a  protdn  receptor 
assay  for  occupational  and  environmental  health  sbufies.  For  transition  studies  we  used 
huiTiflTi  red  blood  cells  which  are  classified  as  Type  n  membranes.  Type  II  membranes  are 
adapted  to  hasten  the  absorption  of  metabolites  wMch  could  not  be  expected  to  penetrate 
a  Type  I  membrane  because  of  ionization  or  an  excesrively  hydrophilic  structure. 

Red  blood  cells  are  the  most  abundant  cells  in  the  body  and  red  blood  cells  contain 
many  different  protmn  receptors  depending  on  thdr  age  and  functional  needs.  For 
example,  transferrin  receptors  which  bind  to  the  iron  bmcfing  protdn  transferrin  are 
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present  in  immature  blood  cells.  However,  when  red  cells  mature  and  loose  their  nucleus, 
they  loose  the  transferrin  receptor,  bsulin  receptors  are  also  present  in  red  blood  cells. 
Tticiiiin  receptors  are  present  in  almost  every  cell  of  the  bo<fy.  Unlike  transferrin  receptors, 
thqr  are  present  in  mature  red  blood  cells.  Many  hazardous  chemicals  exert  their 
deleterious  rffects  dirough  receptors  or  by  rfissolving  into  the  lipid  portions  of  the  cell 
membrane  and  acting  by  altering  the  biophyacal  properties  of  those  membranes.  This 
study  focused  on  the  effects  of  ammonium  dinitramide  (ADN),  and  it  transitioned  to 
studying  the  effects  of  half  mustard  (H-MG)  on  the  red  blood  cell  membrane. 

The  Air  Force  is  currently  determining  the  siutability  of  uang  ADN,  a  high  energy 
OTddizer,  to  improve  solid  rocket  fiiel  performance.  The  Army  is  exploring  neutralization 
and  neutralization  plus  biodegeneration  as  an  alternative  to  incineration  of  schedule  I 
chemicals  such  as  nmstard  gas. 

This  study  had  three  aims: 

1 .  To  determine  if  ADN  exerts  a  more  predictive  effect  on  the  lipid  or  the  protdn  portion 
of  the  red  cell  membrane  when  the  effects  of  ADN  on  labeled  probes  which  bind  to  the 
lipid  portion  of  membranes  and  the  protein  receptors  of  transferrin  in  red  cells  are 
compared. 

2.  To  compare  the  effects  of  ammonium  (hnhranude  on  the  type  of  labeled  probe  which 
provides  the  best  prediction  in  (1)  to  other  deleterious  effects  such  as  cell  irradiation 

and  H-MG. 

3.  To  see  if  the  labeled  probe  used  in  (2)  can  demonstrate  that  radiation  of  H-MG 
neutralizes  H-MG  effects  on  red  blood  cell  membranes. 
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The  probes  that  were  used  were  non-nufioactive  to  decrease  the  use  of  hazardous 
mat«»ria1g  in  Ae  laboratory.  The  probes  were  spin  labds  i^ch  are  stable  free  radicals. 
Free  nufrcals  are  paramagnetic  and  can  be  detected  by  dectron  paramagnetic  resonance 
spectroscopy  (EPR).  Spin  labels  have  been  used  for  over  twenty  years  to  determine  tiie 
pfaydcal  structure  of  tnological  compounds.  Spm  labds  are  available  commerdaBy. 


3  . 


SECTION  2 


METHODS 

fTi^mirak 

Insulin,  transferrin  and  the  spin  label  sucddimdyl  2,2,5.5  tetra  methyl-3-pyrolline- 
l-oxyl-3  were  purchased  from  CalbiochenvSigma  and  Molecular  Probes  respectively. 
Insulin  and  transferrin  were  spin  labeled  by  a  modification  of  the  technique  of  Twining  et 
al  (1981).  The  concentration  of  the  spin  labeled  protons  were  determined  by 
spectrophotometry.  Other  spin  labels:  5-,  7-,  10-.  12-.  16,  and  20.doxyl  stearic  acid  were 
purchased  from  Sigma  and  Aldrich.  Ammonium  dinitramide  (ADN)  was  obtmned  from 
SRI,  CA.,  and  half  mustard  ^-MG)  was  obtained  from  the  USA. 


ITPR  and  EPR/Soin  trapping 

ADN  and  H-MG  was  irracfiated  in  a  *®Co  y-ray  source.  The  dose  rate  was  1  Gy 

perminute.  The  total  dose  was  25  Gy  for  ADN  and  50  Gy  for  H-MG.  The  samples  were 

immediately  measured  in  a  Bruker  EMS  300E  spectrometer.  H-MG  was  spin  trapped 
using  the  trap  2-methyl-2-nitroso-propane  (MNP).  MNP  was  purchased  from  Aldrich  and 
was  prepared  as  described  prewously  (Carmichael  &  Reisz  1984). 

FPR/Snin  labeling 

The  experimental  details  for  preparation  of  red  blood  cells  and  EPR/spm  labelmg 
have  been  described  previously  (Steel-Goodwin  1991  and  Camuchael  et  al  1995).  Briefly, 
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•Ratiir  Bethesda  MD  or  the  dinical  pathology  laboratory  OET,  were  exposed  to  ADN,  15 
Gy  y-radiation  from  a  *“Co-gamma  r^  source,  H-MG,  or  irradiated  H-MG  and  then 
receptor  buufitig  was  determined  usng  a  spn  labeled  probe.  The  amount  of  spin-label 
bound  to  the  erythro^es  was  measured  uang  aBrukerEMS104  or  aBruker  ESP300E 
spectrometer  using  techniques  described  previously  (Steel-Goodwin  &  Hutchens  1995). 
Red  nrfi  numbers  were  measured  uang  a  dinical  blood  cell  counter.  The  relative  EPR 
gignai  intenaty  was  measured  and  stadsticalty  monitored  by  analyas  of  variance. 
Statistics:  All  d^ta  was  analysed  by  regresaon  anafysis.  Scatter  plots  were  perfomed  on 


spin  labeled  insuhn. 


SECTION  1 


RESULTS  &  DISCUSSION 

Figure  1  shows  the  spectra  of  soBd  ADN  and  H-MG  fonowing  exposure  to  25  Gy 
y-irradiation.  Wigh  frequency  dectromagnetic  radiation,  from  UV  via  X-rays  to  y-rays  and 
also  high  energy  particles  such  as  neutrons,  protons  or  a-particles  (helium  nucleO  if  they 
have  sufBcient  energy,  have  the  capability  to  qect  electrons  from  chemicals  such  as  ADN 
and  H-MG.  hi  solid-state  studies,  EPR  spectroscopy  is  the  best  detection  method  for 
studying  radical  intermediates  followng  radiolysis  (Rice-Evans  et  al  1991).  Figure  1 


The  radicals  generated  by  irradiation  of  ADN,  Figure  1 A  have  been  described 
elsewhere  (Steel-Goodwin  et  al  1995).  This  is  the  first  demonstration  of  the  radical 
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generated  by  H-MG,  RgurelB.  On  dissolution  in  the  spin  trap,  MNP,  the  spectrum 


Label 

F-Value 

P-valuc 

5-doiyl- 

0.64 

85.9 

4.05E“ 

7-dra^l- 

0.61 

50.2 

10-doxyl- 

0.45 

25.7 

■ilB 

12-doxyl- 

0.65 

87.9 

2.03F“ 

16-doxyl- 

0.55 

38.3 

2.61F“ 

transferrin 

0.92 

288 

1.75E"*’ 

Figure!  (A)  Cartoon  afthelranrferrin  receptor  in  a  typical  membrane.  (B)  Table  cf 
regression  analysis  of  5-,  7-,10-,  12~,  and  Ib-dosyl  stearic  add  and  spin  labeled 
tranrfenin  in  red  blood  cdls  with  and  wUhont  exposure  to  ammonium  dinitramide 


Figure  2A  shows  a  cartoon  of  the  structure  of  the  transferrin  receptor  and  Figure 
2B  is  the  table  of  the  regression  analysis  results  of  the  changes  in  EPR  signal  intenaty  of 
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each  spin  label  tested  with  and  without  ADN.  The  regression  data  shows  that  the 
commercially  available  spin  labels  are  not  as  spedfic  as  the  transferrin  spin  label 
qrathesized  in-house.  The  doxyl  spin  labels  enter  the  lipid  portion  of  the  membrane  while 
the  spin  labeled  transferrin  is  spedfic  for  the  transferrin  receptor.  This  experiment 
suggested  that  the  spin  labded  proteins  synthesized  provided  more  spedfic  data  than  the 
non-developmental  herns  alreatfy  available  commerdally.  Spin  labeled  stearic  add  has 
been  used  to  study  membrane  fiuidhy.  Our  assumption  for  the  stearic  add  studies  was 
that  ADN  would  affect  membrane  fluidity  of  red  blood  cells  as  well  as  their  protein 
receptors  because  it  is  an  oxidizer.  ADN  is  a  hydrophilic  chemical  and  the  regression 
analysis  of  the  spin  labeled  stearic  add  study.  Figure  2B  suggests  ADN  has  a  more 
selective  effect  on  the  proteins  in  cell  membranes,  such  as  transferrin  receptors,  than  lipids. 
In  these  studies,  transferrin  receptor  changes  only  measure  the  effects  of  ADN  on 
immature  red  blood  cells.  The  data  results  are  ^ven  in  Appendix  A 

Both  mature  and  immature  red  blood  cells  have  insulin  receptors.  Figure  3  shows 
the  curve  of  spin-labeled  insulin  bindng  in  non-exposed  red  blood  ceUs.  The  insulin 
binding  curve  was  depressed  following  exposure  to  1  mM  ADN  or  y-radiation.  The  dose 
of  radiation,  15  Gy,  is  the  dose  approved  by  the  Food  and  Drag  Admimstration  for 
preparation  of  red  blood  cells  prior  to  transfusion  into  neonates  or  immunocompromised 
patients.  At  present  there  is  no  biomarker  to  ascertain  if  irrafiated  blood  has  any  adverse 
effects  on  these  patients.  Irradiation  of  blood  is  necessary  for  patient  survival  to  prevent 
transfusion  associated  graft  versus  host  disease  (Lehman,  1989). 


8 


Figure  3  EPR  signal  intensity  versus  spin  labeled  insulin  per  cell  in  O consol  red 
blood  cells,  0  ammonium  £mtrandde  treated  red  blood  cells  and  A  pirraMated  red 
blood  cells. 

The  major  fimction  of  red  blood  cells  is  to  transport  oxygen,  a  paramagnetic 
molecule.  Oxygen  transport  is  carried  out  in  red  cells  by  hemoglobin.  Hemoglobin  is 
carried  bound  in  the  red  blood  cells  because  it  is  toxic.  Hemolysis  occurs  when  the  red 
blood  cell  membrane  is  damaged.  Heraolyas  of  red  cells  can  occur  as  a  result  of  exposure 
of  cells  to  ra<£ation,  physical  damage,  chemical  damage  or  a^g  of  the  cell  membrane. 
This  spin  label  assay  could  be  tailored  to  a  clinical  setting  to  determine  if  red  blood  cells 
are  functioning  correctly  and  are  suitable  for  human  transfiiaon. 

ADN  will  cause  hemolysis  to  red  blood  cells  at  concentrations  of  greater  than  10 
mM  (results  not  shown).  In  these  e:q)eriments,  ADN  had  the  same  effect  as  irradiation  on 
mailin  receptor  bin<hng.  This  assay  could  be  used  as  a  biomonitor  to  determine  risk  of 
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ADN  exposure  in  the  work  environment  The  assay  could  even  be  tailored  to  mitigate  risk 
of  adverse  effects  on  wild  life  exposed  to  ADN  environmentally. 

The  nussion  boundaries  of  occupational  and  environmental  toxicology  are  medical, 
safe  woric  practices  and  environmental  risk  assessment  related  to  health  and  safety  of  the 
environment  and  the  worker.  Health  risks  to  workers  can  be  much  greater  in  a  disposal  or 
a  clean-up  environment  than  in  a  production  ate  or  laboratory.  In  production  and  the 
laboratory,  the  same  woric  is  performed  in  the  same  location  and  this  work  is  repeated  day 
after  day,  week  after  week  and  sometimes  year  after  year.  The  health  risks  to  the  worker 
in  production  sites  and  laboratories  are  more  likely  to  be  well  defined  because  of  this 
repetition.  However,  at  a  (tisposal  fecility  or  in  a  clean-up  rite,  workers  could  continually 
fece  new  health  hazards  as  the  chemicals  sent  for  disposal  and  the  clean-up  rites  vary. 

This  poses  many  chaflenges  to  occupational  health  risk  assessment  and  also  challenges  to 
the  type  of  assay  chosen  to  determine  a  biological  effect.  A  spin  label  assay  could  be  used 
to  changes  in  membranes.  As  the  assay  involves  receptor  effects  even  artificial 

membranes  with  purified  receptors  worn  as  a  dosimeter  or  set  at  certain  locations  could  be 
used.  This  could  remove  the  requirement  to  draw  blood  and  the  receptor  would  be 
purified  so  binding  should  theoretically  be  more  specific.  As  the  technique  of  spin  labeling 
reqiures  the  use  of  an  external  magnetic  field  and  a  means  to  detect  the  change  in  the 
magnetic  field  reading,  this  technique,  in  theory,  could  lend  itself  to  remote  monitoring  or 

senring. 
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Fieure  4  EPR  signal  intensity  versus  spin  labeled  insulin  per  cell  in 

blood  cells,  •  half-mustard  treated  red  blood  cdls  and  A  p-irradiated  red  blood  cells 

Figure  4  shows  the  erythrocyte  binding  response  to  spin  labeled  insulin  after 
exposure  to  H-MG  and  y-  irradiation.  In  Figure  4,  the  relative  EPR  signal  intensity  was 
recorded  with  the  concentration  of  spin-labeled  insufin/cell.  All  data  was  plotted  on  the 
same  curve.  Binding  of  red  blood  cells  to  unexposed  cells  is  curvilinear  shovnng  maximal 
binding  to  the  spin  labeled  insulin.  Equilibration  studies  between  red  blood  cells  and  H- 
MG  were  not  found  in  the  literature  but  in  vivo  injections  of  ^*S-labeled  MG  suggest 
rapid  difiEusion  and  distribution  of  the  radioactivity  to  all  tissues  were  it  becomes  firmly 
fixed  or  bound  to  protein  complexes  (Boursnell  et  al  1946).  In  the  present  experiments 
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hitiHing  to  insulin  receptors  in  irradiated  and  non-irradiated  red  blood  cells  was  increased 
with  H-MG  exposure  but  this  excess  binding  was  depressed  )»dien  non-uradiated  red  blood 
^llg  were  incubated  with  y-irradated  H-MG.  This  experiment  shows  that  H-MG  does 
alter  binding  to  red  blood  cells.  Also,  there  was  no  synergistic  effect  if  red  blood 
were  exposed  to  y-irra^ation  and  then  H-MG. 


■  Nonnal  RBC 
A  Ganuna  Radiation 
•  Hair  Uuatard 

O  Gamma  Radiation 
♦  Half  Uuatard 

AHaV  Uuatard 

Gamma  Radlatloa 


Figure  5  EPR  signal  intensity  versus  spin  labeled  insulin  per  cell  in  O  control  red 
blood  •  half-ntttstard  treated  red  blood  celb ,  **pirra£ated  red  blood  cells  treated 
with  half  mustard,  A  p-irraSated  red  blood  cells  and  red  blood  cells  e:q>osed  to  A  p- 
nraSRated  Judfmustard 


However,  if  the  half  mustard  is  irradiated  and  then  exposed  to  red  blood  cells  the 
biological  effect  of  the  H-MG  on  the  red  blood  cells  was  drastically  reduced.  Figure  5. 
Therefore,  the  spin-labeled  insulin  did  provide  support  to  the  theory  that  ra<fiation  will 
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ffittigati*  the  effects  of  H-MG.  This  assay  could  therefore  potentialty  have  uses  as  a 

biomonitor  if  radiation  is  used  to  destroy  MG. 

Defense  of  aimed  forces  against  the  effects  of  chemical  weapons  is»  nowadays,  an 
AceAntial  component  of  defense  in  an  intemadonal  context.  The  reqiurements  are 
numerous,  complex,  ocpenave  but  a  necesaty.  Many  Iranian  victims  of  mustard  gas 
yitt^rirg  were  treated  in  hospitals  all  over  Europe  in  1984-1986.  The  biological  effects  of 
mustard  gas  have  been  recentfy  reviewed  by  Dacre  and  Goldman  1995  and  Marrs  et  al., 
1996.  Foreign  governments,  including  the  U.S.,  recognizing  the  danger  of  unliimted  and 
uncontrolled  exportation  of  chemicals,  have  initiated  means  to  control  the  export  of 
ch«^"iiral<;  which  can  be  used  for  the  production  of  chenucal  weapons.  The  mustard  gases 
were  chosen  in  this  study  because  th^  are  by  for  the  easiest  of  chenucal  warfere  agents  to 
manufecture  (Franse  et  al  1986)  and  there  is  an  interest  in  finding  ways  of  monitoring  their 
destruction. 

In  conclusion,  this  poster  shows  the  data  obtained  u^g  spin-labeled  probes  to 
study  red  blood  cell  membrane  damage.  Spin-labeled  probes  are  a  more  environmentally 
safe  method  to  study  receptor  binding  than  radiolabeHed  assays,  they  are  inexpensive  to 
mairA  and  the  results  can  be  read  within  60  seconds  even  u^g  the  portable  EMS104 
spectrometer.  Thus,  there  is  potential  to  use  the  technique  of  spin  labeling  to  study 
biolo^cal  effects  for  occupational  and  environmental  tOMCology.  The  spin-label  technique 
also  has  the  potential  to  be  adapted  to  other  biomolecules  suggesting  it  can  be  tailored  to 
the  needs  of  customers  in  the  fields  of  environmental  chemistry  and  medidne.  The  spin 
label  assay  could  be  used  to  investigate  ways  to  reduce,  ehminate,  recycle  and  dispose  of 
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hazardous  as  an  ahemative  tool  to  ra(fiolabded  insulin  (Gambit  ct  al  1977., 

Ogunwole  et  al  1986.,  MacDonald  et  al  1991  and  Gninberger  1993)  in  climcal  medicine 
flT1<^  for  quality  control  of  irradiated  blood. 

The  technique  of  EPR/sptn  labeling: 

•  is  a  cost  effective 

•  an  alternative  to  radiolabels 

•  allows  multilabeling 

•  is  a  method  that  prowdes  extreme  sentitivity  of  measurement 

•  reagents  are  eaty  to  use 

•  system  is  environmentally  safe 

•  is  a  proven  technology. 
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APPENDIX  A 


Chemical  Codes  for  Appendix  A 

1  =  5-do3grl-;  2  =  7-doxyl-;  3  =  10-doxyl-;  4  =  12-doxyl-;  5  =  16-doxyl- 
6  ==  transferrin 
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